Nestmate recognition and levels of aggression are not altered by changes in genetic diversity in a socially polymorphic ant by Rosset, H. et al.
ANIMAL BEHAVIOUR, 2007, 74, 951e956
doi:10.1016/j.anbehav.2006.11.028Nestmate recognition and levels of aggression are not altered by
changes in genetic diversity in a socially polymorphic ant
HERVE´ ROSSET, TANJA SCHWANDER & MICHEL CHAPUISAT
Department of Ecology and Evolution, University of Lausanne
(Received 24 July 2006; initial acceptance 21 September 2006;
ﬁnal acceptance 3 November 2006; published online 31 August 2007; MS. number: 9059)
The ability to distinguish nestmates from foreign individuals is central to the functioning of insect socie-
ties. In ants, workers from multiple-queen colonies are often less aggressive than workers from single-
queen ones. In line with this observation, it has been hypothesized that workers from multiple-queen
colonies have less precise recognition abilities than workers from single-queen ones because their colonies
contain genetically more diverse individuals, which results in a broader template of recognition cues. Here,
we assessed the impact of social structure (queen number) variation on nestmate recognition and aggres-
sion in a large population of the socially polymorphic ant Formica selysi. We staged unilateral aggression
tests on the nest surface. Workers from single- and multiple-queen colonies had good nestmate recognition
ability and did not differ signiﬁcantly in their level of aggression towards foreign, immobilized workers
(cue-bearers). In particular, workers from multiple-queen colonies efﬁciently recognized non-nestmates
despite the higher genetic diversity in their colony. Cue-bearers from single- and multiple-queen colonies
elicited similar reactions. However, the level of aggression was higher between than within social forms,
suggesting that workers detect a signal that is speciﬁc to the colony social structure. Finally, the level of
aggression was not correlated with the genetic distance between colonies. Overall, we found no evidence
for the hypothesis that the presence of multiple breeders in the same colony decreases recognition abilities
and found no simple relationship between genetic diversity and aggression level.
 2007 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
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functioning of many biological systems, from multicellu-
lar organisms to complex societies. In the social insects,
individuals group into colonies that form the basic
functional social units (Crozier & Pamilo 1996). Members
of social insect colonies usually distinguish colony mem-
bers from nonmembers, which is essential for maintaining
the integrity of the colony and ensuring that worker’s
altruism is directed towards related individuals (Hamilton
1964; Wilson 1971; Crozier & Pamilo 1996).
Recognition systems involve two categories of partici-
pants, one that discriminates and the other that is
discriminated. As proposed by Liebert & Starks (2004),
we call these participants evaluators and cue-bearers, which
correspond to actors and recipients in kin selection
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ory. Recognition systems rely on three distinct compo-
nents: the expression of cues by the cue-bearer, the
perception of cues by the evaluator, and the action taken
by the evaluator, which depends on internal decision rules
(Sherman et al. 1997; Liebert & Starks 2004).
In social insects, individuals use chemical cues to distin-
guish nestmates from non-nestmates (Breed & Bennett
1987; Ho¨lldobler & Wilson 1990). Cuticular hydrocarbons
aremajornestmate recognitioncues inmanyspecies (Lahav
et al. 1999; Wagner et al. 2000; Ruther et al. 2002; Breed
et al. 2004; Buchwald & Breed 2005; Howard & Blomquist
2005; Ozaki et al. 2005). Recognition cues can be endoge-
nous and have a strong genetic component (Greenberg
1979; Adams 1991; Crozier & Pamilo 1996; Beye et al.
1998), or can be acquired from the environment (Downs
& Ratnieks 1999; Liang & Silverman 2000; Buczkowski &
Silverman 2006). They are commonly transferred among
nestmates by trophallaxis (the oral exchange of liquid
food), allogrooming and passive contact, which results in951
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Soroker et al. 1995; Lahav et al. 1999; Boulay et al. 2000;
Lenoir et al. 2001; Chapuisat et al. 2005).
The discrimination between nestmates and foreign
individuals appears to be on the basis of a ‘phenotype
matching’ model (Waldman et al. 1988; Crozier & Pamilo
1996; Sherman et al. 1997). Evaluators detect odour cues
on cue-bearers and compare these proﬁles to an internal
template representing the odour of their own colony,
which they have learned (Breed & Bennett 1987; Crozier
& Pamilo 1996; Breed et al. 2004). The magnitude of the
mismatch between the detected cues and the template
triggers an appropriate behavioural response. Small
differences often result in increased trophallaxis and allog-
rooming (Dahbi et al. 1999; Boulay et al. 2000; Lenoir
et al. 2001; Chapuisat et al. 2005), whereas when the
mismatch raises above some threshold, aggressive behav-
iour is elicited (Wilson 1971; Ho¨lldobler & Michener
1980; Reeve 1989).
There is a potential link between social structure and
recognition ability. In ants, the number of queens per
colony varies among species, among populations and
even among colonies within the same population (Bourke
& Franks 1995; Crozier & Pamilo 1996; Pamilo et al. 1997;
Ross 2001). It has been hypothesized that the presence of
multiple breeders in the same colony increases the diver-
sity of heritable recognition cues and broadens both the
mix of cues borne by workers and the internal template
characterizing the colony (Ho¨lldobler & Wilson 1977;
Breed & Bennett 1987; Vander Meer &Morel 1998). There-
fore, individuals from multiple-queen colonies might be
less efﬁcient at recognizing foreign cue-bearers than indi-
viduals from single-queen colonies. Workers from multi-
ple-queen colonies may thus accept intruders with
variable cue proﬁles, while being themselves rejected by
individuals from genetically less diverse colonies, in par-
ticular, single-queen ones (Vander Meer & Morel 1998;
Tsutsui et al. 2003). Interestingly, a positive feedback
loop might exist between queen number and recognition,
as a decrease in recognition ability might facilitate the ac-
ceptance of unrelated new queens, thus further increasing
the genetic diversity within colonies and decreasing the
genetic variance among colonies.
Several studies have indeed reported that aggression
towards foreign individuals is reduced in ant populations
or species with multiple-queen colonies, as compared to
populations or species with single-queen colonies (Ben-
nett 1989; Morel et al. 1990; Sundstro¨m 1997). Moreover,
a few species with very high queen number show little ag-
gression among distant nests (Giraud et al. 2002; Holzer
et al. 2006). These studies are consistent with the
hypothesis that high intracolony genetic diversity results
in lower discrimination ability and reduced aggression.
However, they did not investigate the precise relationship
between genetic diversity, recognition ability and aggres-
sion level.
Few studies have investigated the impact of within
population variation in colony queen number or genetic
diversity on the level of aggression towards non-nest-
mates. Two studies found evidence for higher aggression
in ant colonies with less genetic diversity (Pirk et al. 2001;Tsutsui et al. 2003). In contrast, colonies with single or
multiple reproductive egg-layers had similar aggression
levels in three other ant species (Crosland 1990; Stuart
1991; Satoh & Hirota 2005). The latter studies suggest
that differences in colony genetic diversity may not be
a proximate cause of decreased aggression. However, these
studies did not include genetic data and two of them
involved species with unusual breeding systems for ants
(Crosland 1990; Satoh & Hirota 2005). Hence, more
empirical data are needed to better understand how queen
number, genetic diversity, recognition ability and aggres-
sion levels interplay.
The ant Formica selysi offers a good opportunity to fur-
ther investigate the relationship between social structure,
colony genetic diversity and aggression, because in our
study population single- and multiple-queen colonies
occur in close proximity in the same habitat, whereas
there is no genetic differentiation between the social
forms (Chapuisat et al. 2004). We staged unilateral aggres-
sion tests on the nest surface, in the ﬁeld. We ﬁrst tested if
workers discriminate between nestmates and non-nest-
mates. We then investigated how variation in colony
social structure and genetic diversity modulated aggres-
sion in a natural system. In particular, we examined if
higher genetic diversity in multiple-queen colonies
resulted in reduced discrimination ability and lower levels
of aggression towards non-nestmates.
METHODS
We studied a large population of F. selysi located along
the river Rhoˆne between Sierre and Susten in Switzer-
land (Chapuisat et al. 2004). The social structure of
112 colonies of this population had been unambigu-
ously determined by genotyping at least eight workers
from each colony at ﬁve to nine microsatellite markers
(Chapuisat et al. 2004; Schwander et al. 2005). The pop-
ulation contains a mix of single- and multiple-queen
colonies (63% and 37%, respectively) that often occur
in close proximity. Our previous genetic analysis showed
that F. selysi colonies occupy single nests, although
some large nests might have multiple entrances
(Chapuisat et al. 2004).
We designed a unilateral aggression assay that focuses
on the behaviour of a single evaluator towards immobi-
lized cue-bearers in ﬁeld conditions. We placed a small
arena on the nest surface 2 h prior to the beginning of the
behavioural assay, so that ants could get familiar with it.
The arena consisted of an open 6-cm diameter petri dish
with ﬂuon-treated walls and sand from the nest at the
bottom. The arena had a door and the focal workers (eval-
uators) entered freely into it. Cue-bearers were workers
collected from an appropriate target colony and kept on
ice until the start of the assay. Once a focal evaluator
worker entered the arena, we shut the door. Two cue-
bearers were then immobilized with CO2 and placed on
each side of the arena to increase the probability of
encounters. We recorded the behaviour of the evaluator
towards the cue-bearers for at least 2 min and until seven
separate interactions or 1 min of interactions had taken
place, whichever occurred ﬁrst.
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short physical contact with no particular reaction;
1 ¼ antennation: the evaluator repeatedly touched the
cue-bearer with its antennae; 2 ¼ avoidance: the evaluator
quickly retreated after contact with the cue-bearer;
3 ¼ biting: the evaluator brieﬂy bit an extremity of the
cue-bearer, usually the legs or antennae; 4 ¼ biting and
pulling: prolonged bites and traction on the cue-bearer.
Individuals were used only once, and for each pair of nests
the aggression tests were replicated ﬁve times with differ-
ent individuals. An aggression index was calculated as the
mean of the highest score obtained in each of the ﬁve rep-
licates. A value of the aggression index of three or more
thus reveals that aggression was high and consistent
across the ﬁve replicates.
We selected pairs of nests that were separated from each
other by at least 300 m. Each colony in a pair served as
a source of either evaluators or cue-bearers, respectively.
The observers were blind with respect to the origin of
cue-bearers. All behavioural tests were done in May
2002, which is a period of intense activity.
We ﬁrst tested if workers discriminated between nest-
mates and non-nestmates. We assessed the reaction of
evaluators from 11 colonies (six with a single queen and
ﬁve withmultiple queens) towards nestmate cue-bearers or
cue-bearers coming from distant colonies. This experiment
also permits to control that the CO2 immobilization of cue-
bearers does not prevent nestmate discrimination.
To study the effect of social structure variation on recog-
nition and aggression, we selected 40 single- and 35
multiple-queen colonies. Single- and multiple-queen colo-
nies (20 each) were chosen at random to serve as sources of
evaluators, whereas the remaining 35 colonies served as
sources of cue-bearers. Each of the 40 colonies providing
evaluators was tested twice, once against evaluators from
a single-queen colony, and once against evaluators from
a multiple-queen colony. The impact of the social structure
of evaluators and cue-bearers on aggression was tested in
a two-way ANOVA. Because the aggression index is not
a continuous variable, the statistical signiﬁcance was ob-
tained by generating the distribution of the null hypothesis
with a permutation procedure (Manly 1997). To test for the
effect of the social structure of the evaluators, the data were
permuted between evaluators within cue-bearers of the
same social structure. Similarly, to test for the effect of the so-
cial structure of the cue-bearers, the data were permuted be-
tween cue-bearers within evaluators of the same social
structure. Finally, to test for the interaction, the data were
permuted among assays independently of the social struc-
ture of the evaluators and cue-bearers (Manly 1997). For
each scheme, 5000 permutations were carried out.
The genetic relatedness among worker nestmates was
estimated from the microsatellite genotypes as described
previously (Chapuisat et al. 2004). Additionally, we esti-
mated the allelic richness per colony over ﬁve loci with
a method correcting for sample size (El Mousadik & Petit
1996), as implemented in the computer program FSTAT
2.9.3 (Goudet 1995, available at http://www2.unil.ch/
popgen/softwares/fstat.htm). We estimated the genetic
distance between pairs of colonies that provided evaluators
and cue-bearers with the Cavalli-Sforza chord measure(Cavalli-Sforza & Edwards 1967), as implemented in the
computer program PHYLIP (J. Felsenstein 2005. Depart-
ment of Genome Sciences, University of Washington,
Seattle, available at http://evolution.genetics.washington.
edu/phylip.html). This method estimates differences in
allele frequencies between pairs of colonies independently
of the level of genetic diversity within colonies.
RESULTS
Formica selysi workers discriminated nestmates from non-
nestmates (Fig. 1). They reacted aggressively towards
foreign cue-bearers, usually by biting them. In contrast,
the reaction towards nestmate cue-bearers was generally
nonaggressive, most often being limited to inspection
and avoidance, with occasional short seizures of antennae
and legs. The aggression scores might be inﬂated by the
CO2 immobilization and because the highest score in
each replicate was considered. However, the important
point here is that the CO2 immobilization of cue-bearers
did not prevent nestmate recognition, the aggression score
towards cue-bearers originating from other colonies being
signiﬁcantly higher than the one towards nestmates that
had been treated in exactly the same way (Fig. 1; exact
Wilcoxon signed-ranks test: Z ¼ 2.67, N ¼ 11, P ¼ 0.008).
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Figure 1. Aggression between workers from the same colony (nest-
mates) or from different colonies (non-nestmates). N ¼ 11 colonies
(six single- and five multiple-queen ones), with five replicates of
the aggression test per colony. The aggression index is the mean
of the highest score per replicate, with scores of 0 for contacts
followed by an absence of reaction, 1 for antennation, 2 for avoid-
ance, 3 for brief biting and 4 for prolonged biting and pulling. The
white bar is the median, the black box is the interquartile range
and the whiskers correspond to the data range without outliers
(points inferior to the first quartile minus 1.5 times the interquartile
range or superior to the third quartile plus 1.5 times the interquartile
range, indicated by open circles).
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cue-bearers on recognition and aggression was complex
(Fig. 2). On average, the aggression level was not signiﬁ-
cantly different between evaluators coming from single- or
multiple-queen colonies (Fig. 2; ANOVA, permutation
test for the effect of the social structure of the evaluator:
P ¼ 0.74). Similarly, the social structure of the cue-bearers
had no signiﬁcant impact on the aggression level (Fig. 2;
ANOVA, permutation test for the effect of the social struc-
ture of the cue-bearers: P ¼ 0.41). However, there was a sig-
niﬁcant interaction between the social structures of the
evaluator and cue-bearer (Fig. 2; ANOVA, permutation
test for the interaction: P ¼ 0.008). Because of the signiﬁ-
cant interaction, we analysed aggression scores from
single-and multiple-queen colonies separately with non-
parametric tests. Evaluators from single-queen colonies
tended to be more aggressive towards cue-bearers from
multiple- than single-queen colonies (Wilcoxon two-
sample test: Z ¼ 1.86,N1 ¼ N2 ¼ 20, P ¼ 0.06). Reciprocally,
evaluators from multiple-queen colonies were signiﬁ-
cantly more aggressive towards cue-bearers from single-
than multiple-queen colonies (Wilcoxon two-sample
test: Z ¼ 2.1, N1 ¼ N2 ¼ 20, P ¼ 0.035). Hence, evalua-
tors from colonies of one type of social structure (single-
or multiple-queen colony) were more aggressive towards
cue-bearers from foreign colonies of the other type than
towards cue-bearers from foreign colonies of their own
type.
The genetic relatedness among worker nestmates
was 0.14  0.11 in the multiple-queen colonies and
0.80  0.05 in the single-queen ones (mean  SE). In
line with this relatedness pattern, multiple-queen colonies
had a signiﬁcantly higher allelic richness than single-
queen ones (2.60 versus 1.63, respectively; one-tailed
t test: t72 ¼ 18.81, P < 0.001). As expected from the
observed difference in relatedness and intracolony genetic
diversity, the genetic distance between pairs of colonies
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Figure 2. Aggression between workers from single-queen (SQ) and/
or multiple-queen (MQ) colonies. For example, SQ MQ indicates
that the evaluator was from a single-queen colony and the cue-
bearers from a multiple-queen colony. N ¼ 20 pairs of colonies for
each box, with five replicates of the aggression test per pair of
colonies. estimated with Cavalli-Sforza chord measure was signiﬁ-
cantly smaller for multiple-queen colonies than for
single-queen ones (two-tailed t test: t38 ¼ 7.49, P < 0.001;
Fig. 3). The aggression index and genetic distance between
pairs of colonies were not signiﬁcantly correlated over all
colony pairs (Spearman rank correlation: Z ¼ 1.08,
N ¼ 80, P ¼ 0.28), nor within each class of interactions
(Spearman rank correlations: single-queen  single-queen:
Z ¼ 0.58, N ¼ 20, P ¼ 0.56; single-queen multiple-
queen: Z ¼ 1.51, N ¼ 20, P ¼ 0.13; multiple-queen 
single-queen: Z ¼ 1.11, N ¼ 20, P ¼ 0.27; multiple-
queen multiple-queen: Z ¼ 0.18, N ¼ 20, P ¼ 0.85).
DISCUSSION
Our behavioural assays performed on the nest surface in
the ﬁeld revealed that F. selysi workers distinguished nest-
mates from non-nestmates. Workers systematically
attacked immobilized foreign workers, whereas they gen-
erally inspected or avoided immobilized nestmate
workers, with rare signs of aggression. This result is in
line with the good nestmate discrimination abilities found
in many social insect species (Wilson 1971; Crozier &
Pamilo 1996).
We found no support for the hypothesis that a broader
mix of genetically determined cues in multiple-queen
colonies results in decreased aggression towards non-
nestmates. The microsatellite analysis revealed that mul-
tiple-queen colonies were genetically more diverse than
single-queen ones, and thus were likely to have broader
templates of heritable cues. However, F. selysi workers
from single- and multiple-queen colonies showed no
signiﬁcant difference in their level of aggression towards
foreign cue-bearers. In particular, evaluators originating
from multiple-queen colonies did not show signiﬁcantly
lower levels of aggression. Likewise, cue-bearers from
single- and multiple-queen colonies did not elicit signiﬁ-
cantly different levels of aggression.
The similar level of aggression in single- and multiple-
queen colonies suggests that an increase in queen number
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Figure 3. Cavalli-Sforza genetic distance between the pairs of single-
queen (SQ) and/or multiple-queen (MQ) colonies that were used in
aggression tests. N ¼ 20 pairs of colonies for each box.
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population and that there is no simple causal relationship
between genetic diversity and discrimination ability. This
result should, however, be interpreted with some caution,
as aggression towards non-nestmates was used as a proxy
for recognition ability. Electrophysiological studies of
antennae activity (Ozaki et al. 2005) would be useful to
disentangle the perception component from the action
component in studies of nestmate recognition.
The lack of association between genetic diversity and
aggression in our study population suggests that factors
other than colony genetic diversity might cause the lower
level of aggression that is often observed in ant popula-
tions with many queens per colony (Bennett 1989; Morel
et al. 1990; Sundstro¨m 1997). One possibility is that the
ecological conditions favouring high queen number,
such as high population density, also select for reduced ag-
gression (Stuart 1991; Holway et al. 1998; Giraud et al.
2002). Another possibility is that a loss of discrimination
only occurs in species with a large number of queens per
colony but not in populations in which colonies with sin-
gle and multiple breeding females coexist (Crosland 1990;
Stuart 1991). Again, studies aimed at disentangling recog-
nition and aggression would permit to distinguish
between the two hypotheses.
Interestingly, the level of aggression was signiﬁcantly
higher when the evaluators and cue-bearers came from
colonies with different social structures. This pattern in-
dicates that workers distinguish between individuals orig-
inating from single- and multiple-queen colonies, despite
the complete lack of genetic differentiation between the
two social forms above the colony level (Chapuisat et al.
2004). Workers apparently detect a signal that is speciﬁc
to the colony social structure,whichmightbe theoverall di-
versity in odour cues, a characteristic mix of hydrocarbons
(Breed et al. 2004), or other types of pheromones (Breed
1998; Vander Meer & Alonso 2002; Hernandez et al.
2006). Alternatively, it is also possible that single- andmul-
tiple-queencolonies differ in subtle environmental or social
factors that trigger increased levels of aggression. Hence,
more experimental studies are needed to understand the
causes of the increased aggression between social forms.
The level of aggression was not correlated with the
genetic distance between colonies. As expected from the
variation in queen number and genetic diversity, multiple-
queen colonies were genetically closer than single-queen
ones, whereas the genetic distance between colonies of
different social structures was intermediate. This pattern
further suggests that there is no simple relationship be-
tween the genetic similarity of colonies and the ability of
workers to recognize non-nestmates. The decision rules
used by workers to exclude non-nestmates are still poorly
known, but our ﬁnding is in line with experiments in the
honeybee that have found that guards use complex de-
cision rules that depend on the concentration of multiple
recognition cues present in the blend (Breed et al. 2004).
The lack of correlation between genetic distance and
discrimination contrasts with four studies of Formica ants
that have found such a correlation (Beye et al. 1997, 1998;
Pirk et al. 2001; Holzer et al. 2006). In these studies
both closely located and more distant nests were sampled,and the nests generally had multiple queens. Hence,
recognition might be affected by local genetic similarity
because of nest budding in multiple-queen colonies (e.g.
Chapuisat et al. 1997), geographical variation in environ-
mental cues (Buczkowski & Silverman 2006) and possibly
habituation (Langen et al. 2000). In contrast, we selected
only pairs of distant colonies to avoid these effects and con-
centrate on whether the presence of multiple breeders in
the same colony decreased recognition abilities. Overall,
we found no evidence for such an effect, and no simple
relationship between genetic diversity and aggression level.
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